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A STATISTICAL ESTIMATE OF RELATIVE DISTRIBUTION OF 
EXTREME SHEAR IN A TALL BUILDING 
1. Introduction 
SUBJECTED TO RANDOM 
EARTHQUAKE SHOCKS 
by 
T. P. Tung and N. M. Newmark 
University of Illinois 
On account of the irregularity of the ground motions in an earth-
quake and of their consequences on structures, a statistical approach has 
been suggested for analyz ing the earthquake response of structures, even 
though the process is known mathematically as "non-stationary. n In the 
present paper. the method of random walks is used to obtain a frequency 
distribution function for the story shear developed at different levels of 
a tall building simulated by a tall uniform shear beam. Later a normal 
distribution is suggested for transforming the discrete distribution to 
a continuous one. 
The lacking of a statistical analysis of the ground motion in 
an earthquake prevents the direct assessment of the base shear acting on 
the foundation of a buildingj however, the relative shear at different 
stories can be estimated. This information is believed to be helpful in 
achieving a unified aseismic design of tall buildings. The relative 
distribution of shear is found to be parabolic with respect to the height 
of the structure, which agrees with an early observation. (1) 
(l)EmiliO Rosenblueth, rIA Basis for Aseismic Design of Structures. t! 
Ph.D. Thesis, University of Illinois, 1951. 
2. 
2. Uniform Shear Beam As A Model 
For analyzing the dynamic response of a tall building, a tall uniform 
shear beam has been assumed as an idealized model. One obvious advantage of 
the simulation is the simple equation of motion to be dealt With:(2) 
(2-1) 
where 
a = stiffness per u:n:i.t height 
~ = mass per unit height 
t = time 
y = lateral deflection 
x = elevation above ground 
and the subscripts x or t indicate differentiation with respect to the 
variable indicated. The boundary conditions are that y at x = 0 should be 
equal to the ground motion at a:ny time.? and y ~ a measure of shear, should 
x 
be zero, at the top of the beam. 
Equation (2-1), known as a one dimensional wave equation, has 
been solved explicitly as a sum of two parts 
y = FI (x + vt) + F2 (x ... vt) 
where V =~ is the velocity of propagation of a disturbance along the 
beam. The second part represents a forward wave starting at the base and 
propagating toward the top, and the ~irst part represents a wa~e 
(2) Westergaard, H. M., "Earthquake-Shock Transmission In Tall Buildings," 
Eng. News-Record, Ill, 30 NOVo 1933, p. 654-656. 
3· 
moving from the top to the base~ or in most cases, a reflected wave. Thus, 
the solution, at any time; for aDY pOir,t on the beam, can be obtained if 
proper "steps are taken in ascertaining the value for the functions~ 
F{x ± vt), from the given initial conditions. 
If a unit pulse is applied at the base, then because of the 
lateral displacement of the beam, a shear is set up in the beam with a 
magnitude equal to ~ ~ until a reflected wave coming down from the 
top of the beam nullifies the shearu Nevertheless, the stage of zero 
shear remains only until a second shear wave coming up from the base, in 
order to fUlfill the boundary condition at the base, leaves a shear acting 
opposite to the direction of the first shear. As this process proceeds 
indefinitel~, the shear at any po~ut on the beam changes its direction 
alternately but with an intermitten:t lull of a certain length of time 
between the changeso 
Figure 1 schematically illustrates the propagation of shear at 
different heights 0 The length of lull is obviously linearly proportional 
to the height of the point under consideration. 
3 . A Random Walk Problem 
For making a statistical estimate, the ground motion of an earth-
quake which shocks the foundation of the structure is assumed to involve 
a large number of random pulses each with equal order of magnitude 0 As a 
result, the state of shear in the structQ~e will be the net effect of the 
shear waves due to the random pulses, traveling from the base to the top, 
and reflecting bac.k to the base 0 When the pulses are traveling along the 
beam, this bears some resemblance to a problem of a random walk in which "a 
4. 
particle may move forward or backward) or may stand still on a line, according 
to specified probabilities. The distance transversed after a large number of 
moves may represent the state of shear at certain points of the beam, the 
base of which has been subjected to a large number of shock pulses. 
Figure 2 shows a two-dimensional plan on which the particle moves. 
In each trial it must move upward one upj.t, but it may also move one unit 
either to the right~ or to the lefto This means the particle may move 
diagonally upward to the right or leftJ or it malf move vertically one unit~ 
but it can never move downward. The probability Pl that the particle may 
take a move to the right represents the chance, at any time during the 
traveling of a single shear wave, of obtaining a positive shear at the 
observed point; P2' for a move to the leftj a negative shear; and q, for a 
straight vertical move, no shear at the observed pOint. Therefore, in view 
of Fig. 1, and because the durations for positive and negative shears are 
equal in one cycle, one finds the result ~ 
and 
= duration of positive shear in one cycle 
period of one cycle 
q=l .... 2p 
= p 
Obviously in the case of a uniform shear beam, p is zero at the top of the 
beam, and 1/2 at the base, and varies linearly throughout the height of the 
structure. 
After N number of moves the position of the particle will be 
N units above the initial horizontal axis, and .M units to the right. 
The probability that the particle will move M units after making N trials, 
5· 
then, represents the chance that the observed point will get a shear of 
magnitude M after the foundation has been shocked by N pulseso For 
evaluating the probability, assume that among the N moves, there are i 
units to the right; j, to the le.ft; and k» vertical moves. Then the 
.. k 
probability for the occurrence o~ such an event is p~pJq 0 Since there 
is no restriction imposed on the order of occurrence of the individual 
events, the compound probability should be the sum of those of the 
individual trials, namely, 
P(M,N) = I N! (3-l) i! j !k! 
subject to the conditions that 
N=i+j+k (3-2) 
M = i - j (3-3) 
This is a multi-normal distribution. It can be shown that its asymptotic 
form will tend to be normal, in view of the Central Limit Theorem. 
Making use of Eqs. (3-2) and (3-3), one may reduce Eqo (3-1) to 
N-k k 
o P q (3-4) 
in which k takes on all integral. values from 0 to (N-M)/2, if' N and M are 
both even; but it will be 1,3, 5, ..... N-M if N is even, and M oddo 
Equation (3 ... 4) is not a series but a polynomial. For the sake of studying 
the probability an asymptotic form would be easy to deal with. By 
.factoriZing pNN! one obtains another expression for t~e probability P(M,N). 
for M odd 
N-IMI 
2 
Nt N " p P(M,N) = I (2r)! (N;M _ r)~ (N;M ~ r)! 
for M even 
N .... M 
P(M,N) = L 
k=1,p3,95"" 
Nu N o p 
6. 
2r 
(9.) ; 
P 
(3-5a ) 
(3-5b) 
Rearranging the expression shows that the polynomial can be 
represented by a hypergeometric function F: 
(3-6) 
N-l~M 3 9. 2 J 
-- ; _0 (-) :; m = "odd 2 2' 2p . 
By one of the transformation rules it has been found that 
N ... M 
[ N4M N-M 1 q 2 J [ q 2 J·-'.2 [ N-+M F - - ... - . - . (-) = 1... (~) . F 1 + --- . 2' 2 '2' 2p .2p 2" 
7· 
and 
N~M 
F [-
2 J = [1 ~ - 2 [1 N-l-+M N ... l ... M 2.. (~p) (9:...)2 J F +!!:! N-l-M 2 ' ,'" 2 ; 2 ' 2p 2 ' 2 ; 
_ 1 J (3-1) , 
The right-hand members can. be recognized as the standard form of Legendre 
Polynomials 0 
40 Asymptotic Expre~sion of the Distribution Functions. 
The Legendre polYnomials of higher orders are not easy to work 
with when they involve large numbers of terms as in the present case. An 
asymptotic expression will be useful in interpreting the result without 
sacrificing accuracy, as N takes on large values. 
It is known that the distribution function will tend to be normal 
as N takes on large values. This has been clearly shown, for p = 1/2, in 
Chandrasekhar's paper. (3) For illustrative purposes it is shown herein 
also for p = 1/4 and q = 1/20 For M an even numberJ 
P(M,N) F (.... N+M" N-M: 2 ~ """2" (4 ... 1) 
{3 )Chandrasekhar J S., 7tStochastic Problems in Physics and Astronomy, n 
Reviews of Modern Physics, Vol 0 153 Noo 10 January 1943" 
3 . 
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Since q/2p = 1, one could make use of the £ollowing identity that 
Then, by means of Sterling~ s formula;1 
\ 
In (z co ~) In (z ... 1) "" z + 1 + ~~ + 0 (12) 
z 
a simple asymptotic form is derived for P(M,N) 
P(M,N) rv_l _ exp (- ~) 
-Jiii( 
when N > > 10 
8. 
(4-2) 
(4-3) 
(4 .. 4) 
With the same manip~ation one will get the identical result 
when M takes on odd values, as one would expectc 
Equation (4 ... 4) shows that the distribution function is an even 
function in M. It follows directly that the mean is zero. This agrees 
perfectly with physical intuition that the probability o£ getting a 
same as that of getting a negative shear of 
the same order o£ magnitudeo 
Nevertheless, a comparison between Eq. (4-4) and Eq. (12) in 
Chandrasekhar!s paper shows that not only the derived distribution 
functions are of normal type, but also the ratio of the variances is 
1/2. This implies that the ratio of the standard deviations is l/~. 
Therefore, the comparison of standard deviations which will give a direct 
appraisal of expected extreme shear at different story heights may be 
achieved by comparing the distribution functions when M is taken as zero. 
This simplifies the algebraic manipulations to the extent that watson's 
asymptotic formula(4) can be utilized; otherwise a revision of the formula 
which is beyond the scope of the present study would have to be madeo 
Upon taking M = 0, the first of Eqo (3-6) is then reduced to 
P(O,N) (4"'5) 
For the stories below the midheight of the building, in which q < 2pJ the 
following transformation rule for the hypergeometrical series is valid. 
By means of the Watson and Sterling formulas, on taking 
+ (L) 
2 
1 
~= 2I;! = cosh £ 
1 _ (L)2 2p 
one can arrive at the following simplified version 
, N+l 
e .. 2"" r(~), 
1/2' .+ ° (!) 2 
. (N + ~)£/2 -(N + ~)£/2 cosh (.N~2l)S/2 
e + e -~;=:=:;=;:=---- = --;::=;:'::::;::;:;=-
-}2 cosh s/2 -Vcosh s/2 
(4-6) 
.{ 4)Hobson, Earnest Williams, Theory of Ellipsoidal Harmonics and Spherical 
, Harmonics, p. 307, Formula B. 
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Denoting 
0'1/2 = standard deviation ~or p = 1/2 
0' = standard deviation ~or 0 < P < 1/2 
one obtains immediately the ratio of the standard deviations as 
-N 
= (2p ) 
cosh ! cosh (N +~) ! 
~ ( 4p )N 2 jeosh s/2 
-s s/4 = = ,J2:P" .( 4-7) 1 + e e 
The same result can be obtained for the probability with which the 
particle walking randomly makes an odd number o~ horizontal units ~ter N 
moves. Since the reduction of a distribution function to its asymptotic 
form is essentially a mathematical manipulation, settingM = 0 in the 
second of Eqs. (3-6)7 which is only valid for M odd, is legitimate. 
Similarly, for the distribution function of the probable shear 
in the upper half of the building, with 1/2 ~ q ~ 1 and 1/4 ~p > 0 a 
like expression is derived~ 
N/2 
P(O,N) = I 
T.=o 
This form is used in order that the argument of the hypergeometric function 
will not become infinitely large. Upon similar manipulation,' using the 
Sterling and watson formulas, and an asymptotic expression for the Legendre 
11. 
polynomial, it is found that 
N~l 
[ 
2-" [ 2 -: 2 
F -:' - N;l ; l ; (~) J = l - (~) J F (l + ~ , l;N ; l ; It> (4-9) 
where 
Then 
[ N 1-N F 1+ 2 '2;1 
(4-10) 
The above expression agrees with the following observations, (1) 
as 2p/q becomes very small or nearly vanishes J the distribution function should 
reduce to the &-fUnction; hence F becomes infinitely large; (2) when 2p/q is 
taken as 1, one obtains Eq. (4-4) since 
2 (N-1J'2 eN~/2 I 2 
(1 + cosh ~) ~ N -SJ-'n-b-(l-+-e--""7-"~""') 
12. 
~e ratio of standard deviations., Dp is again found to be 
(4-11) 
5 . Estimate of Extreme Shear 
In practical. design of buildings, the designer usually chooses 
the section of the members of the structure to meet the most probable 
maximum load under different combinations of loading conditionso But for 
economical reasons, a maximum but improbable loading is usually ignored or 
considered with certain reservationso The concept of using factors of safety 
in designing is, in effect, a probabilistic approach 0 The expected loading 
is so proportioned that weight factors are assigned to different loads in 
a wB¥ similar to the computation of expectation of a random variable.? in 
which probabilities serve the function of weight factorso Therefore the 
extreme shear at different floor levels and its distribution, become the 
center of interesto 
The previous analysis has shown that as N becomes large the 
distribution function of the probability that the random walker moves 
M units after N moves, tends to be normal j and the expected value of M 
is zero since the walk is symmetric 0 The implication of the results 
indicates that the dynamic shear; a random variable in the present 
analysis, at different heights of the building possesses a normal 
distribution with a zero mean J hence the dispersion of the trials will 
be of interest 0 
13· 
For a random variable x with a normal distribution,the distribution 
of its extreme value in a population o.f n samples has been derived, (5) from 
which the expectation E{x) and variance Vex) 0.1' the extreme value can be 
calculated 
[ lnln n + In 4:1! + 2C (1) J .... E{x) = M + cr --I2ln n "" + 0 In n 
2 .v'2ln n 
(J2 2 
V{x) = --- (~) + 0 (~2 ) 
2ln n 0 In n 
(5-1) 
where 
n is the number of samples 
m is the mean of the random variable 
(J is the standard deviation 
C is the Euler Constanta 
For a distribution with zero mean~ the expected extreme shear 
is~ therefore~ directly proportional to the cr of the parental nor.mal 
distributiono 
Since a statistical an~sis of the ground motion is not available, 
the expected extreme base shear (p = 1/2) can not be evaluated. However, 
the ratio D in Eqo (4""7) can reveal, nonetheless, that the ratio of expected 
extreme shear at different heights to the maximum base shear varies 
parabolically with-the height. Based on this theory a unified aseismic 
design may be achieved if the ~istribution of maximum dynamic shear at 
different story heights is assumed to vary parabo1icallyo 
(5)cra.mer~ H~rMathematical Methods of Statistics;' Princeton University Press, 
1951, ppo 375-7. 
--I~­'~ 
UO~~ OJ 
r--------------------~ -ala:>:>~ 
punOJ~ 
1---------------------_·_----
4 
~~~OO~~A 
punoJ£) 
o 
+-
E 
o 
CD 
CD 
~ 
o 
(1) 
..c: 
U) 
E 
G+-
O 
N 
d 
I 
" , 
, 
I 
" 
" // 
// 
/ 
/ 
[// 
I 
~, 
, 
" // 
/ 
/ 
/ 
/ 
/ 
/' 
/ 
/ 
i// 
"" 
M 
Fig. 2 Plan of Rondonl Vv'aH< 
DISTRIBUTION LIST - PROJECT NR 064-183 - TASK VI 
Administrative Reference and Liaison Activities 
Chief of Naval Research 
Department of the Navy 
Washington 25, Do Co 
ATrN: Code 438 
Code 432 
Code 423 
Director 
Naval Research Laboratory 
Washington 25, Do C. 
ATTN: Techo Info 0 Officer 
Technical Library 
Mechanics Division 
Commanding Officer 
Office of Naval Research 
Branch Office 
495 Summer Street 
Boston 10, Massachusetts 
Commanding Officer 
Office of Naval Research 
Branch Office 
346 Broadway 
New York 13, New York 
Office of Naval Research 
The John Crerar Library Bldg 0 
10th Floor, 86 Eo Randolph Sto 
(4) 
(1) 
(1)/ 
(6) 
(1) 
(2) 
(1) 
(1\ 
\ I 
Chicago 1, Illinois (2) 
Cormnander 
Uo S. Naval Ordnance Test Station 
Inyokern" China Lake, California 
ATTN: Code 501 (1) 
Cormnander 
Uo So Naval Proving Grounds 
Dahlgren, Virginia (1) 
Armed Services Technical 
Information Agency' 
Documents Service Center 
Knott Building 
Dayton 2, Ohio 
Commanding Officer 
Office of Naval Research 
Branch Office 
801 Donahue Street 
San Francisqo 24, California (1) 
Commanding Officer 
Office of Naval Research 
Branch Office 
1030 Green Street 
Pasadena, California (1) 
Officer in Charge 
Office of Naval Research 
Branch Office, London 
Navy Noo 100 
FPO, New York, New York (1) 
Chief, Exchange and Gift Div. 
Library of Congress 
Washington 25, Do C. (2) 
Commander 
Uo So Naval Ordnance Test Station 
Pasadena p...nnex 
3202 Eo Foothill Blvd. 
Pasadena 8, California 
ATTN: Code p8087 (1) 
Department of Defense Other 
Interested Government Activities 
GENERAL 
Research and Development Board 
Department Of Defense 
Pentagon Building 
Washington 25, D. C. 
ATTN~ Library (Code 3D-l075) (1) 
Armed Forces Special Weapons Project 
Po. 00 Box 2610 
Washington, Do Co 
ATTN: Colo G. F. Blunda (1) 
Lt. Col. BI1lceJones (2) 
Chief of Staff 
Department of the Army 
Research and Development Div. 
Washington 25, Do Co 
ATrN: Chief of Research and 
Development 
Office of the Chief of Engineers 
Assistant Chief for Public Works 
Department of the Army 
Bldg 0 T-7, Gravelly Point 
Washington 25, Do Co 
ATrN: Structural Branch 
(1) 
(R. L. Bloor) (1) 
Engineering Research and 
Development Laboratory 
Fort Belvoir, Virginia 
ATTN: Structures Branch 
The Commanding General 
Sandia Base, P.O. Box 5100 
Albuquerque, New Mexico 
ATTN~ Col. Canterbury (1) 
Corps of Engineers, U.S. Army 
Ohio River Division Labs. 
5851 Mariemont Ave., Mariemont 
Cincinnati 27, Ohio 
ATTN: F 0 M. Mellinger (2) 
Operations Research Officer 
The Johns Hopkins University 
6410 Connecticut Avenue 
Chevy Chase, Maryland 
Office of Chief of Ordnance 
Research and Development Service 
Department of the Army 
The Pentagon 
Washington 25, Do Co 
(1) 
ATTN: ORDTB (2) 
Ballistic Research Laboratory 
Aberdeen Proving Ground 
Aberdeen, Maryland 
ATTN: Dro Co Wo Lampson (1) 
Commanding Officer 
Watertown Arsenal 
Watertown, Massachusetts 
ATTN: Laboratory Division 
Commanding Officer 
Frankford Arsenal 
Philadelphia J Pennsylvania 
ATTN: Laboratory Division 
Commanding Officer 
Squier Signal Laboratory 
Fort Monmouth, New Jersey 
ATTN: Components and 
Materials Branch 
Other Interested Government 
Activities 
NAVY 
Chief of Bureau of Ships 
Navy Department 
Washington 25, Do Co 
ATTN: Director of Research 
Code 449 
Code 430 
Code 421 
Code 423 
Director 
David Taylor Model Basin 
Washington 7, D. Co 
ATTN: Structural Mechanic s 
Division 
Director 
Naval Engineering Experiment 
Station 
Annapolis, Maryland 
Director 
Materials Laboratory 
New York Naval Shipyard 
Brooklyn 1, New York 
b. 
(1) 
(1) 
(1) 
(2) 
(1) 
(1) 
(1) 
(1) 
(1) 
Chief of Bureau of Ordnance 
Navy Department 
Washington 25, D. C. 
ATTN: Aa-3, Technical Lib. 
Reco, T~ N. Girauard 
Superintendent 
Naval Gun Factory 
(1) (1) 
Washington 25, D. Co (1) 
Naval Ordnance Laboratory 
White Oak, Maryland 
RFD 1, Silver Spring, Maryland 
ATTN~ Mechanics Division (2) 
Naval Ordnance Test Station 
Inyokern J China Lake, California 
ATTN: Scientific Officer (1) 
Chief of Bureau of Aeronautics 
Navy Department 
Washington 25, D. C. 
ATTN: TD-4l, Tech. Lib. (1) 
DE-22, C. W. Hurley (1) 
DE-23, Eo M. Ryan (1) 
Superintendent 
Post Graduate School 
U 0 S 0 Naval Academy 
Monterey, California (1) 
Naval Air Experimental Station 
Naval Air-Materiel Center 
Naval Base 
Philadelphia 12, Pennsylvania 
ATTN: Head, Aeronautical 
Materials Laboratory (1) 
Chief of Bureau of Yards and Docks 
Navy Department 
Washington 25, D. C. 
ATTN: Code P-314 (1) 
Code C-3l3 (1) 
Officer in Charge 
Naval Civil Engineering Research 
and Evaluation Laboratory 
Naval Station 
Port Hueneme, California (1) 
c. 
Commander 
Uo S. Naval Ordnance Test Station 
Inyokern, China Lake, California (1) 
AIR FORCES 
Commanding General 
U. S. Air Forces 
The Pentagon 
Washington 25, D. C. 
ATTN: Research and Development 
Division (1) 
Commanding General 
Air Materiel Command 
Wright-Patterson Air Force Base 
Dayton, Ohio 
ATTN: MCAIDS (2 ) 
Office of Air Research 
Wright-Patterson Air j,!'vJ.'ce Base 
Dayton, Ohio 
ATTN: Chief, Applied Mechanics 
Group (1) 
. Director of Intelligence 
Headquarters, U. S. Air Force 
Washington 25, D. Co 
ATTN: Air Targets Division 
Physical Vulnerability Div. 
AFOIN-3B (2) 
OTHER GOVERNMENT AGENC IES 
Uo S. Atomic Energy Commission 
Division of Research 
Washington, Do Co (1) 
Argonne National Laboratory 
Bailey and Bluff 
Lamont, Illinois (1) 
Director 
National Bureau of Standards 
Washington, Do C. 
ATTN: Dr 0 W 0 Ho Ramberg (2) 
Uo So Coast Guard 
1300 E Street, NoWo 
Washington, Do C~ 
ATrN: Chief, Testing and 
Development Division 
Forest Products Laboratory 
Madison, Wisconsin 
ATTN~ Lo Jo Markwardt 
National Advisory Committee 
for Aeronautics 
1724 F Street, NoW. 
Washington, Do Co 
National Advisory Committee 
for Aeronautics 
Langley Field, Virginia 
ATTN: Mr .. J .. Eo Duberg 
Mr. Jo Co Houbolt 
National Advisory Committee 
for Aeronautics 
Cleveland Municipal Airport 
Cleveland, Ohio 
ATTN~ J. Ho Collins, Jro 
U.. S . Maritime Commission 
Technical Bureau 
Washington, Do C. 
ATTN: Mr. V. Russo 
(1) 
(1) 
(1) 
(1) 
(1) 
(1) 
Dean H. Lo Bo-wman '" 
College of Engineering 
Drexel Institute of Technology 
d. 
Philadelphia, Pennsylvania (1) 
Dr.o.lrancis Eo Clauser ~. 
Chairman, Dept. of'Aeronautics 
The Johns Hopkins University 
,S chool' of Engineering 
Bal timore 18, Maryland 
Professor To J. Dolan 
Dept. of Theoretical and 
Applied Mechanics 
University of Illinois 
Urbana, Illinois 
Professor Lloyd Donnell v 
Department of Mechanics 
(1) ? 
, ... ~ .,._ . .,J. 
(2) 
Illinois Institute of Technology 
Technology Center 
Chicago 16, Illinois (1) 
Professor Wo Jo Duncan, Head 
Dept. of Aeronautics 
James Watt Engineering Labs 
The University 
Qlasgow W. 2 
. England (1) 
Contractors and Other Investigators 
Actively Engaged in Related .Research / 
/ 
! 
""J Dean W 0 L • Everitt 
College of Engineering 
University of Illinois 
Urbana, Illinois (1) 
Professor Lynn Beedle;,j 
Fritz Engineering Laboratory 
- Lehigh University 
Bethlehem , Pennsylvania (1) 
. /Professor R. L. Bisplinghoff'; , ' 
~ -Massachusetts Institute of Tecnnology 
Cambridge 39, Massachusetts (1) 
Dr • Walter Bleakney ./ 
Department of Physics 
Princeton University 
Princeton, New Jersey (1) 
'\ 
Dr. S. J. Fraenkelv 
Armour Research Foundation 
3422 So Dearborn 
Chicago l6 J Illinois 
Dro L" Fox 
Mathematics Division 
National Physical Laboratory 
Teddington, Middlesex 
England 
Professor B 0 Fried/, 
\ Washington State College 
Pullman, Washington 
(1) 
(1) 
Professor Ao E. Green :_, 
Kings College 
Newcastle on Tyne;; 1, England 
Dr. R. J. Hansen :/ 
Massachusetts Institute of 
Technology 
Cambridge 39, Massachusetts 
Dr. J. No Goodier // 
School of Engineering 
Stanford University 
Stanford, California 
Professor Ro M. Hermes ___ ' 
UniverSity of Santa Clara 
Santa Clara, California 
Dr. No J. Hoff, Head 
"pepartment of Aeronautical 
(1) 
(1) 
(1) 
(1) 
I Engiueering and Applied Mechanics 
Polytechnic Institute of Brooklyn 
99 ~~vingston Street 
Brooklyn 2, New York (1) 
Dr. W. H. Hoppmann 
Dept. of Applied Mechanics 
Johns Hopkins University 
. Baltimore, Maryland (i) 
" Professor" W 0 C. Huntington, Head 
'\~~" ;./ Department of Civil Engineering 
University of Illinois 
Urbana, Illinois (1) 
Professor L. So Jacobsen 'j/ 
\'j Stanford University 
Stanford, California (1) 
Dr--:--Bruce Johnston' / 
301 W.' ~ngllie~ring Building 
un~rSity of Michigan 
Ann Arbor, Michigan 
Professor Wo Ko Krefeld 
College of Engineering ~ 
Columbia University 
New York, New York 
(1) 
(1) 
e. 
Professor B. J. Lazan 
Departm.ent of Hechanics 
University of Minnesota 
~linneapo1is 14, Minnesota 
Professor George Lee v' 
Department of Mechanics 
Rensselaer Polytechnic Inst. 
Troy, New York 
(1) 
(i) 
Library Engineering Foundation---' 
29 West 39th Street 
New York, New York (1) 
Dro 'itT" A. McNair 
v/ Vice President, Researchv 
Sandia Corporation 
Sandia Base 
Albuquerque, New Mexico (1) 
Professor N. M. Newmark 
Department of Civil Engineering 
University of Illinois 
Urbana, Illinois (2) 
Professor Jesse OrmondroydJ,/ 
, /University of Michigan 
',/ Ann Arbor, Michigan (1) 
'-1 ,r 
Dr. W 0 R. Osgood !-,/ 
Illinois Institute of Technology 
Technology Center 
Chicago 16, Illinois (1) 
Dr. A. Phillips // 
\, ·School of Engineering 
',_/ Stanford Uni versi ty 
Stanford, California 
Dr. W. Prager, Chairman, 
Physical Sciences Council 
Brown University 
Providence, Rhode Island 
Dr. M. L. Merritt 
,-,/,,/~ 
Sandia Corporation 
Sandia Base 
Albuq:uerClue, New Mexico 
(1) 
(1) 
(1) 
Professor E. Reissner \..,,/ 
(- jDepartment of Mathematics 
~ Massachusetts Institute of 
Technology 
Cambridge 39, Massachusetts 
Dr. C. B. Smi th 
Department of Mathematics 
Walker Hall 
~/University of Florida 
Gainesville, Florida 
Professor R. V. Southwell \.......-/ 
The Old House, Trumpington 
(1) 
(1) 
Cambridge, England (1 ) 
hofessor E. Stergp~rg .. / 
Illinois:: .. Jns:t±tUte of Technology 
Te chnaro·gy··~nter 
.. ~nicago 16, Iil~ois (1) 
'" 
Professor F. K. Teichmann v 
Dept. of Aeronautical Engineering 
New York University 
University Heights, Bronx 
New York, New York (1) 
Dea"' F. T. Wall 
\,/ Graduate CO.ll.eg~ 
v University of Illinois 
Urbana, Illinois 
.JJr 0 G. E 0 Dt.i.lenbeck· > 
Engineering Research Institute 
University of Michigan 
P.nn Arbor, Michigan (1) 
Professor C. To Wang/: " 
Dept. of Aeronautical-Engineering 
V· New York University 
University Heights, Bronx 
New York, 
Dr. M. P. White / 
Department of Civil Engine~ring 
University of Massachusetts 
f, \ 
\.J.J 
Amherst, Massachusetts (1) 
Dr. S. Raynor j 
Mechanics Research Dept. 
American Machine and Foundry Co. 
188 W.Randolph Street 
Chicago 1, Illinois (1) 
Dr. James L. Lubken 
Research Engineer 
Midwest Research Institute 
4049 Pennsylvania Avenue 
Kansas City 2, Missouri 
Chief of Engineers 
Engineering Division 
Military Construction 
Washington 25, D. c. 
ATTN: ENGEB 
Dr. Martin Goland 
Midwest Research Institute 
4049 Pennsylvania 
f. 
(1) 
(2) 
Kansas Cfty 2, Missouri (1) 
Prof. L. . Eo Goodman 
Dept. of Mechanics and Materials 
University of Minnesota 
~eapolis, Minnesota (1) 
TASK VI PROJECT - C.E. RESEARCH STAFF 
Dro w. J. Austin (1) 
Dr. To P. Tung (1) 
Dr. A. s. Veletsos (1) 
Professor W. H. MUnse (1) 
Research Assistants (5) 
Files (5) 
Reserve (20) 
